group G isolated from dogs (Streptococcus canis) and to the isolation and characterization of surface proteins with albumin-binding activity.
Binding Activity of Streptococcus canis for Albumin and Other Plasma Proteins

By C H R I S T O P H L A M M L E R , ' * C H R I S T O P H E R F R E D E , ' K E M A L G U R T U R K , ' A X E L H I L D E B R A N D , A N D H A N S BLOBEL'
Institut f u r Bakteriologie und Immunologie, and Rudolf-Buchheim-Institut f u r Pharmakologie, Justus-Liebig-Universitat Giessen, Frankfurter Strasse 107, 0-6300 Giessen, FRG (Received I I November I987 ; revised 29 February 1988) All 24 cultures of Streptococcus canis examined bound 251-labelled human albumin, IgG and fibrinogen; but neither IgA nor haptoglobin. Binding of human albumin was time-dependent, saturable and reversible by the addition of unlabelled albumin. The binding of 251-labelled human albumin could be inhibited completely by unlabelled albumin preparations from humans, mice and dogs, and partly by bovine albumin. In contrast, binding of 1251-labelled human albumin was not inhibited by unlabelled rabbit albumin, human IgG or human fibrinogen. Data from competition experiments of two S . canis cultures with high 251-labelled albumin-binding activities yielded K D values of 10 and 15 nmol l-l, respectively. The estimated number of binding sites per bacterial cell ranged from 30000 to 57000. The binding factor for albumin could be isolated from S. canis by boiling the bacteria at pH 2, and it was purified by affinity chromatography on human albumin-Sepharose. The isolated albumin-binding proteins had a molecular mass of approximately 5 1 kDa and inhibited binding of 251-labelled albumin to S. canis. They formed complexes with human albumin that altered its electrophoretic mobility.
I N T R O D U C T I O N
During the last decade, specific interactions between streptococcal surface structures and plasma proteins of the host have provoked increasing interest. Streptococci of serological groups A, C, G and L interact with the Fc-components of immunoglobulin (Ig) G, showing specific reactivities with IgG subclasses from humans and various animal species (Christensen & Holm, 1976; Grubb et al., 1982; Bjorck & Kronvall, 1984; Yarnall & Boyle, 1986; . Interactions of some streptococci with F(ab),-fragments of IgG, IgA and IgD have also been described (Erntell et al., 1983; Russel-Jones et al., 1984; Forsgren & Grubb, 1979) . In addition, receptors have been detected for fibrinogen (Hryniewicz et al., 1972; Kronvall et al., 1979 a), P,-microglobulin (Kronvall et al., 1978 ), a,-macroglobulin (Miiller & Blobel, 1983 , fibronectin (Myrhe & Kuusela, 1983) , haptoglobin (Kohler & Prokop, 1978) and albumin (Myrhe & Kronvall, 1980) . The albumin receptors on streptococci of serological groups A, C and G differ in their binding activities for albumin preparations from humans and various animal species. On this basis five albumin receptor types have been defined (Kronvall et al., 1979b; Wideback & Kronvall, 1982; Wideback et al., 1982 Wideback et al., , 1983 . Recently, a protein with albuminbinding activity and a molecular mass of 30 kDa has been isolated from bovine streptococci of serological group G (Wideback & Kronvall, 1987) . Moreover, protein G, the IgG Fc receptor of group C and G streptococci, seems to be responsible for both albumin and IgG binding and these bindings occur at different sites on the protein G molecule (Akerstrom et al., 1987) . These findings led to the present study on binding of plasma proteins to streptococci of serological human albumin in a time-dependent and saturable manner. Binding increased rapidly at 22 "C and reached equilibrium within 10 min. The binding of 1251-labelled human albumin was reversible in the presence of unlabelled human albumin (Fig. 1) . Binding of l 251-labelled human albumin could be inhibited by unlabelled albumin preparations from humans, dogs and mice; it was weakly inhibited by bovine albumin, but not by rabbit albumin or by IgG and fibrinogen from humans (Table 1) . Data from competition experiments with unlabelled human albumin (Fig. 2) were analysed by a computer program that fitted data to models of multiple binding sites on the basis of nonlinear regression analysis. Best fits were obtained for models of one type of binding site for both S . canis strains. The KD values for the albumin-binding activities were 10 (SD 2 4.1) nmol 1-l for S. canis strain 3055 and 15 ( 2.8) nmol 1-l for S. canis strain 2875. The number of albumin-binding sites per bacterial cell was calculated as 30000 ( & 3000) and 57 000 ( 2400) respectively, on the assumption that one albumin molecule interacted with one receptor molecule. The albuminbinding activity of the streptococci was reduced markedly by pronase and less markedly by trypsin.
PuriJication. ABP could be readily solubilized by boiling the streptococci at pH 2-0, and was purified by affinity chromatography on albumin-Sepharose. Purified ABP from both S. canis strains inhibited binding of 1251-labelled albumin to the streptococci (Fig. 3) . Both ABP preparations yielded protein bands on SDS-PAGE with almost identical molecular masses of approximately 51 kDa. Upon transfer to nitrocellulose, they displayed identical binding of 251-labelled albumin; in addition, low-molecular-mass fragments with 251-labelled albuminbinding activity became evident (Fig. 4) . Western blots of crude hot acid extracts of five additional S . canis strains yielded almost identical ABPs (Fig. 5) . Purified ABP formed complexes with human albumin that had a lower electrophoretic mobility than albumin alone (Fig. 6) . Uncomplexed ABP did not react with albumin antiserum. by purified ABP from strains 3055 (--) and 2875 (---).
*
DISCUSSION
Streptococci of serological group G have long been recognized as a cause of acute human streptococcal infections, of bovine mastitis and of infections of dogs (Ancona et al., 1979; Watts et al., 1984; Biberstein et al., 1980) . Group G streptococci from dogs differ from those isolated from humans and have been described as a new species, S. canis (Devriese et al., 1986) .
The present studies demonstrated that S . canis exhibits surface structures capable of binding plasma proteins. Most S. canis cultures bound albumin, IgG and fibrinogen from humans. The binding sites of S. canis for fibrinogen are presumed to be similar to the M-or T-protein-like surface structures of group A streptococci (Kantor, 1965; Schmidt & Kohler, 1981) . S . canis bound neither human haptoglobin nor IgA. This would indicate a lack of type antigens T4 and M4 (Kohler & Prokop, 1978; Christensen & Oxelius, 1975) .
Binding of labelled human albumin to S . canis could be readily inhibited by unlabelled albumin preparations from humans, mice and dogs, and was weakly inhibited by bovine albumin. It was not inhibited by albumin from rabbits, or by IgG and fibrinogen from humans. Comparable inhibition reactions were described for albumin receptors from bovine group G streptococci representing albumin receptor type b (Wideback et al., 1983) . Binding of human albumin to S . canis was time-dependent, saturable and reversible. Trypsin and pronase destroyed the albumin-binding activities of the streptococci, indicating the protein nature of the binding sites. Binding of albumin was apparently not mediated by lipoteichoic acids as proposed by Simpson et al. (1980a, b) .
C . LAMMLER A N D O T H E R S
A relationship between albumin binding and streptococcal pathogenicity has not yet been established. However, binding of human albumin to a streptococcal culture of serological group G influenced the surface characteristics of the streptococci as indicated by a change in partition in polymer phase systems (Miorner et al., 1980) . Moreover, binding of albumin to streptococci of serological group A enhanced their uptake by polymorphonuclear leucocytes, but not the killing of M-protein-positive cultures (Wagner et al., 1986) .
We thank E. Richter for skilful technical assistance. This work was supported by Deutsche Forschungsgemeinschaft, Bonn, FRG. -A. (1975) . A reaction between some streptococci and IgA myeloma proteins. Acta pathologica et microbiologica scandinarica
R E F E R E N C E
